study question: What is the inter-/intra-observer agreement and diagnostic accuracy among gynaecological and non-gynaecological ultrasound specialists in the prediction of pouch of Douglas (POD) obliteration (secondary to endometriosis) at offline analysis of two-dimensional videos using the dynamic real-time transvaginal ultrasound (TVS) 'sliding sign' technique?
Introduction
Transvaginal ultrasound (TVS) has been shown to be accurate in the pre-operative diagnosis of both ovarian (Mais et al., 1993; Guerriero et al., 1996) and extra-ovarian endometriosis, particularly with regard to deep infiltrating endometriosis (DIE) of the bowel and bladder (Bazot et al., 2003 (Bazot et al., , 2004 (Bazot et al., , 2007 Abrao et al., 2007; Hudelist et al., 2009; Holland et al., 2010) . Bowel endometriosis affects between 3.8 and 37% of women with endometriosis (Remorgida et al., 2007) . The excision of DIE may be a long and complex operation, requiring the skills of an advanced laparoscopic surgeon (Chapron et al., 2006) . In the case of bowel endometriosis, the expertise of a colorectal surgeon is often required. Although there are published data confirming the effectiveness of TVS in the prediction of DIE (Abrao et al., 2007; Bazot et al., 2007; Piketty et al., 2009; Hudelist et al., 2009 Hudelist et al., , 2011b Holland et al., 2010; Reid et al., 2011a,b) , very little exists in relation to predicting pouch of Douglas (POD) obliteration. Along with bowel endometriosis, POD obliteration also requires high-level operative skills. In a study by Khong et al. (2011) , women with POD obliteration had a 3-fold higher risk of having bowel endometriosis and bowel surgery, compared with those without POD obliteration. Therefore, the ability to predict POD obliteration pre-operatively may aid in the triaging and planning for women undergoing endometriosis surgery.
A systematic review and meta-analysis by Hudelist et al. (2011b) found TVS to have a high sensitivity (91%) and specificity (98%) in the prediction of bowel endometriosis. However, the results of this review may be relevant only for women with a high risk of DIE, as most of the women included in the analysis were treated in tertiary referral centres for endometriosis. Recent studies have also used TVS to predict POD obliteration with a sensitivity of 72-83% and specificity of 97-100% (Reid et al., 2012; Hudelist et al., 2011a) . One of the criticisms of these studies is that the technique described was not validated between different observers in terms of accuracy and reproducibility. There are no data available on the inter-observer agreement using TVS for the prediction of POD obliteration. The aim of this study was to determine the inter-/intra-observer agreement and the reliability of TVS 'sliding sign' in the prediction of POD obliteration (secondary to endometriosis) at offline analysis of videos using the dynamic real-time TVS 'sliding sign' technique.
Materials and Methods
Pre-recorded video sets evaluating the POD in 30 women presenting with chronic pelvic pain, to the Endogynaecology tertiary referral clinic at Nepean Hospital, were assessed 'offline' by six observers. All videos were recorded by the same sonologist (S.R.) using 7.5 MHz transvaginal probe (Medison V20, Samsung Medison, Seoul, Republic of Korea). The videos included in this study were selected based on real-time representative quality/clarity, and were not obtained from sequential patients. The 'sliding sign' test (Reid et al., 2012) and POD obliteration final outcome for each of the 30 women were confirmed with 'gold standard' laparoscopy in 24 out of 30 (80%) cases. POD obliteration was present at laparoscopy for 6 out of 24 (25%) women, and 18 out of 24 (75%) women had no POD obliteration at laparoscopy. Of the remaining, six women (20%) who did not undergo 'gold standard' laparoscopy, five (5/6 ¼ 83.3%) were found to have a clearly positive 'sliding sign' when their videos were reviewed by S.R., who is experienced in the prediction of POD obliteration using the real-time TVS 'sliding sign' technique. Similarly, in the remaining one woman (1/6 ¼ 16.7%), the 'sliding sign' video clearly demonstrated a negative 'sliding sign' (again this video was reviewed by S.R.).
Each sonologist observer viewed the TVS 'sliding sign' video in two anatomical locations (retro-cervix and posterior uterine fundus), i.e. 60 videos in total were reviewed. Four of the observers performed daily gynaecological scanning, while two were primarily fetal medicine sonologists. Each sonologist was blinded to the outcome of POD obliteration. The first pre-recorded video of each of the 30 women included the assessment of the 'sliding sign' in the posterior uterine fundal region. In this video, the sonologist had placed one hand over the lower abdomen of the woman to elicit pressure on the uterine fundus while performing a TVS simultaneously. When assessing the offline video in this region, each of the six observers had to decide if there was free movement of the anterior recto-sigmoid across the posterior uterine fundus. If so, then the observer noted the result as a positive 'sliding sign'. In the second pre-recorded video for each of the 30 women, the sonologist had placed the TVS probe in the posterior fornix to assess the 'sliding sign' in the retro-cervical area. If, by placing gentle pressure on the posterior cervix, the anterior rectal wall glided smoothly over the retro-cervix, then each of the six observers noted the result as a positive 'sliding sign'. A negative 'sliding sign' video was noted by each of the six observers if the anterior recto-sigmoid colon or the anterior rectum was fixed to the posterior uterine fundus or retro-cervix, respectively.
Each observer was then asked to classify whether the POD was obliterated or not on the basis of evaluating these pre-recorded video sets. If the observer deemed that the 'sliding sign' was positive in both anatomical locations (i.e. the anterior rectum and the recto-sigmoid colon glided smoothly across the retro-cervix and posterior uterine fundus, respectively), then the POD was noted to be not obliterated. If the observer deemed that the 'sliding sign' was negative for either region (i.e. the anterior recto-sigmoid colon and/or the anterior rectum did not glide smoothly over posterior uterine fundal region and/or retro-cervix, respectively), then the POD was noted to be obliterated. Each sonologist was also asked to reanalyse the same videos, albeit in a different order, at least 7 days later to assess intra-observer agreement.
A sub-analysis was performed to assess the performance of the four gynaecological sonologists in terms of inter-observer correlation. These results were then compared with the inter-observer performance of all six observers.
Statistical analysis
Diagnostic accuracy and inter-observer agreement for both the 'sliding sign' and POD obliteration diagnosis were evaluated for all six observers. A separate analysis was also performed for four of the observers who specialized in gynaecological ultrasound, to determine the multiple rater agreement for the interpretation of the 'sliding sign' and prediction of POD obliteration. The data analysis included pairwise rater agreement, which determined the variability between any two observers on the three categories of the 'sliding sign' outcome (yes, no and unsure) and POD obliteration outcome (yes, no and unsure), using Cohen's k statistics (corrected for agreement by chance) with 95% confidence intervals (CIs). General rules for the interpretation of Cohen's k coefficient were used, i.e. ,0 ¼ poor agreement, 0.01-0.20 ¼ slight agreement, 0.21 -0.40 ¼ fair agreement, 0.41 -0.60 ¼ moderate agreement, 0.61-0.80 ¼ substantial agreement and 0.81 -0.99 ¼ almost perfect agreement. Multiple rater agreement was analysed between all six observers, and then between the four gynaecological ultrasound specialists, for the three category 'sliding sign' and POD outcomes. Fleiss' k (with 95% CIs) was used for overall and individual outcomes in the multiple rater agreement analysis. The multiple rater agreement on sliding sign outcome for the two anatomical regions (posterior uterine fundus and retro-cervix) was also analysed. The diagnostic accuracy, sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) for the six observers were analysed for both the 'sliding sign' and POD obliteration outcomes (the cases classified by the observers as 'unsure' for POD outcome were excluded from the diagnostic accuracy analysis). The intra-observer agreement for all six observers was also analysed for the interpretation of the 'sliding sign' and prediction of POD obliteration using Cohen's k coefficient with 95% CIs.
Results

Inter-observer analysis
The pairwise rater agreement (Cohen's k) with 95% CIs for the interpretation of the 'sliding sign' (yes, no and unsure) between all six observers for both videos sets and both anatomical regions (fundal and retro-cervix) is shown in Table I . Agreement between all six observers for both sets of videos in both regions ranged from 0.354 to 0.927 (fair agreement to almost perfect agreement), compared with 0.630-0.927 (substantial agreement to almost perfect agreement) when the two fetal medicine observers were excluded.
The multiple rater agreement for the three categories for 'sliding sign' outcome (yes, no and unsure) for all six observers using Fleiss' k with 95% CIs is shown in Table II . The overall agreement between all six observers on the interpretation of the 'sliding sign' for both video sets and both regions (retro-cervix and fundal) was moderate (Fleiss' k 0.45, P-value ,0.01). The overall agreement on the 'sliding sign' for the retro-cervical region was higher (0.54) compared with the fundal region (0.37), and these values were significant (P , 0.01). When the four observers specializing in gynaecological ultrasound were analysed separately (Table III) , the overall agreement between observers on the interpretation of the 'sliding sign' was substantial (Fleiss' k 0.65, P-value ,0.01). There was also stronger agreement for the interpretation of the 'sliding sign' in the retro-cervical region (0.73) compared with the posterior fundal region (0.56), and these values were also significant (P , 0.01). Table IV includes the inter-observer pairwise agreement for the prediction of POD obliteration. Again, the four observers specializing in gynaecological ultrasound displayed stronger inter-observer agreement for the diagnosis of POD obliteration when compared with the fetal medicine specialists. When comparing all six observers for the multiple rater agreement on the three category prediction of POD obliteration, overall Fleiss' k was 0.427 (moderate agreement), compared with 0.694 (substantial agreement) for the four gynaecological ultrasound specialists (Table V) . The k for agreement on the presence or absence of POD obliteration for all the six observers was 0.532 and 0.461, respectively. These k-values improved when the subgroup of the four gynaecological ultrasound specialists was analysed, with the prediction of the presence or absence of POD 
Intra-observer analysis
The intra-observer agreement among the six observers for both video sets and both regions in the interpretation of the 'sliding sign' is shown in Table VI . The k-values ranged from 0.60 to 0.95 (moderate agreement to almost perfect agreement) for the interpretation of the 'sliding sign' for both anatomical regions for all six observers, whereas the intra-observer agreement was 0.71 -0.95 (substantial to almost perfect) when the four gynaecological ultrasound specialists were considered. When the interpretation of the 'sliding sign' was analysed for each anatomical region for all six observers, the intra-observer reproducibility was found to be similar for the fundal and retro-cervical regions (both had moderate to substantial agreements). When the two fetal medicine observers were excluded, the intra-observer agreement for the interpretation of the 'sliding sign' was slightly higher for the retro-cervical region (k 0.80-0.91) compared with the fundal region (k 0.63 -1.0), and both regions displayed substantial to almost perfect intra-observer agreement. Table VII displays the intra-observer agreement for the prediction of POD obliteration for both video sets, which ranged from moderate to almost perfect agreement (k 0.46 -1.0) for all six observers. The intra-observer agreement for the prediction of POD obliteration ranged from substantial to almost perfect agreement (k 0.67 -1.0) when the subgroup of gynaecological sonologists was considered for the prediction of POD obliteration.
The reliability of the 'sliding sign' technique in the prediction of POD obliteration was evaluated by comparing the diagnostic outcomes (i.e. POD obliteration versus no obliteration) assigned by all six observers with the previously determined diagnostic outcomes for POD obliteration. As noted in the Materials and Methods section, the 'gold standard' (i.e. laparoscopy findings) for the presence/absence of POD obliteration was known for 24 out of 30 cases, whereas the POD obliteration outcome for the remaining six cases was determined by an experienced clinician by the interpretation of the 'sliding sign' (S.R.). For the prediction of POD obliteration for all six observers, after excluding cases with the POD outcome classified as 'unsure' by the observers, the TVS 'sliding sign' test gave an accuracy, sensitivity, specificity, PPV and NPV of 70.2-100, 33.3 -100, 57.6 -100, 50.0 -100 and 85.2-100%, respectively. When comparing the four gynaecological observers (after excluding cases with the POD outcome classified as 'unsure' by the observers), the results for accuracy, sensitivity, specificity, PPV and NPV were 93.1 -100, 92.9 -100, Fleiss' k was used for overall and individual outcomes. Within brackets are the 95% CIs for the k-values. Video set 1, the first analysis; Video set 2, the second analysis, with the re-ordering of the cases presented to the observers. *Not significantly different from 0 (P-value .0.05). The other k-values without '*' marks are all significantly different from 0 with P-value ,0.01.
The ultrasound 'sliding sign': a reproducibility study 90.9 -100, 77.8 -100 and 97.7 -100%, respectively (Table VIII) . Table VIII also includes the number and rate (%) of 'unsure' cases for the prediction of POD obliteration for each of the six observers.
Discussion
This is the first study to validate the TVS 'sliding sign' technique for the prediction of POD obliteration. These results demonstrate the high reproducibility of this ultrasound-based method. This was especially so for the gynaecological sonologists whose inter-and intra-observer results demonstrated substantial to almost perfect agreement. A similar pattern was also noted among the gynaecological sonologists when determining POD obliteration based upon video analysis of the posterior compartment. When all six observers were grouped together, the results were still encouraging, although not as impressive. Table V . Prediction of POD obliteration using the TVS 'sliding sign': multiple rater agreement using Fleiss' k for all six observers compared with the four gynaecological ultrasound specialists. Overall inter-observer multiple rater agreement for the prediction of the 'sliding sign' outcome was moderate for the six observers and substantial for the subgroup analysis (four specialists in gynaecological ultrasound), which indicates that experience with gynaecological ultrasound may influence the observer's ability to interpret the 'sliding sign' as positive or negative. Both groups of observers (gynaecological sonologists and gynaecological sonologists/fetal medicine specialists) found the interpretation of the posterior uterine fundal region more difficult than the retro-cervical region, as indicated by the discrepancy in inter-observer agreement for these regions.
The ability to assess the posterior uterine fundal region using the 'sliding sign' can be more challenging than the retro-cervical region. For some women, it can be difficult to elicit a positive 'sliding sign' by balloting the uterus through the abdominal wall (between the left hand and the tip of the transvaginal probe). This, in turn, may have resulted in these 'sliding sign' videos of the posterior fundal region The first four rows for each category report the number of agreements on different outcome categories (between the first and second set of diagnosis). CI, confidence interval. Table VII . Intra-observer variability on prediction of POD obliteration, displaying the number of agreements on different diagnosis categories (yes, no and unsure) for the six different observers (between the first and second set of diagnosis). The ultrasound 'sliding sign': a reproducibility study being more difficult to interpret. When the 'sliding sign' is used to assess the retro-cervical region, the TV probe is in direct contact with the uterine cervix, and movement of the uterus is more easily elicited. Therefore, the retro-cervical region may be more easily assessed for the gliding of the anterior rectum over the retro-cervix and posterior vaginal wall. This difference in ability to mobilize the uterus for the two anatomical regions may explain the decrease in inter-observer agreement for the posterior fundal region compared with the retro-cervical region. The observers who specialized in gynaecological ultrasound had moderate to almost perfect inter-observer agreement for interpretation of the 'sliding sign' in either anatomical region, whereas the agreement for the fetal medicine sonologists ranged from only fair to moderate, indicating that experience with gynaecological ultrasound is likely to influence the ability to interpret whether the sliding sign is positive or negative.
Inter-observer agreement for the diagnosis of POD obliteration was based on the previously assigned 'sliding sign' outcomes for the two anatomical regions (posterior uterine fundus and retro-cervix). If the 'sliding sign' was negative in either anatomical region, the POD was recorded as obliterated. The four observers who perform gynaecological ultrasound regularly had a stronger overall inter-observer agreement for the prediction of POD obliteration (k 0.69) compared with all six observers (k 0.43). Again, this difference between the main group and subgroup may be explained by the fact that the observers who specialize in transvaginal gynaecological ultrasound have a greater familiarity with interpreting gynaecological ultrasound findings. In addition, the gynaecological ultrasound specialists were able to correctly classify both the presence and absence of POD obliteration with substantial agreement (k 0.798 and 0.758, respectively). The ability to predict for the presence or absence of POD obliteration was higher for the four observers who specialize in gynaecological ultrasound compared with the two fetal medicine specialists, with certainty of diagnosis ranging from 70.0 to 93.0% versus 45.0 to 88.3%, respectively. This finding is also likely to be a reflection of the gynaecological sonologists' increased experience and confidence with interpreting gynaecological ultrasound findings.
The intra-observer agreement for the six observers ranged from moderate to nearly perfect agreement on both video sets for the interpretation of the 'sliding sign'. For the gynaecological sonologists, k-values were consistent with substantial to nearly perfect agreement. When interpreting the 'sliding sign' for the two anatomical regions, the intra-observer agreement was slightly higher for the fundal versus retro-cervical region for the two fetal medicine specialists. The opposite was true for the four specialists in gynaecological ultrasound, where the retro-cervical region had a slightly higher intra-observer agreement than the fundal region.
Pre-operative TVS has been used to predict POD obliteration with a reported sensitivity of 72-83% and specificity of 97 -100% (Holland et al., 2010; Hudelist et al., 2011a; Reid et al., 2012) . The use of the dynamic, real-time TVS 'sliding sign' technique to systematically assess the posterior compartment for POD obliteration appears to allow for the accurate diagnosis of POD obliteration. In the current study, the four observers specializing in gynaecological ultrasound were found to have an accuracy, sensitivity, specificity, PPV and NPV ranging from 93.1 to 100, 92.9 to 100, 90.9 to 100, 77.8 to 100 and 97.7 to 100%, respectively, when the TVS 'sliding sign' videos were used to interpret whether the POD was obliterated.
The diagnostic accuracy findings should be interpreted with the caveat that the cases classified as 'unsure' for the prediction of POD obliteration were excluded from the analysis, which means that the performance of each observer is only relevant for the number of cases that the observer classified as 'yes' or 'no' for POD obliteration. Although the 'unsure' cases for the prediction of POD obliteration were excluded in the diagnostic accuracy analysis, the rate of 'unsure' cases was not excessively high, ranging from 0 to 11.7% for the gynaecological ultrasound specialists (compared with 3.33 -21.7% for the two fetal medicine specialists). Our ability to draw conclusions regarding the diagnostic accuracy of the TVS 'sliding sign' for POD obliteration may also be limited by the fact that the 'gold standard' laparoscopic findings were only available for 24 out of 30 (80%) cases. The remaining six cases who did not undergo laparoscopy to confirm POD outcome had POD outcomes predicted by a sonologist (S.R.) who is experienced in the prediction of POD obliteration using the TVS 'sliding sign' technique, and who also accurately predicted POD outcome pre-operatively in 100% of the 24 out of 30 women who underwent laparoscopy in this study.
This reproducibility study could have been strengthened if more observers were included, particularly sonologists/sonographers specializing in gynaecological ultrasound. In order for a reproducibility study to accurately assess inter-observer agreement, there should be sufficient experience among the observers to make an accurate diagnosis using the diagnostic tool being studied. For this study, two of the observers were not specialized in gynaecological ultrasound. As a result, the intra-and inter-observer differences were more variable among the six observers compared with the four sonologists who specialized in gynaecological ultrasound. In addition, measures of overall agreement (i.e. Cohen's k) assume that the raters are interchangeable. We, therefore, performed a sub-analysis for the four observers that specialized in gynaecological ultrasound. This subgroup consistently performed better than the non-gynaecological sonologists, in both intra-and inter-observer interpretation of the 'sliding sign' and prediction of POD obliteration, as well as in diagnostic accuracy.
Conclusion
We have validated the dynamic real-time TVS 'sliding sign' technique for the prediction of POD obliteration. The high inter-and intra-observer correlation between gynaecological sonologists in evaluating the 'sliding sign' for the prediction of POD obliteration ranged from substantial to almost perfect agreement. Observers who specialized in gynaecological ultrasound had markedly better results than their fetal medicine colleagues, not only when evaluating the 'sliding sign', but also when predicting POD obliteration. The 'sliding sign' technique for the prediction of POD obliteration appears to have very acceptable diagnostic accuracy and inter-/ intra-observer agreement, and should be considered in the preoperative imaging work-up for all women with suspected endometriosis. The ability to accurately predict POD obliteration pre-operatively with TVS has major implications for the surgical planning and counselling of women with chronic pelvic pain/suspected endometriosis prior to their surgery. These women may now have a reliable pre-operative imaging test (i.e. TVS assessment of the 'sliding sign' to predict POD obliteration), which may not only tell the clinician whether the POD is obliterated, but also allow for the identification of women who may be at increased risk of requiring bowel surgery for bowel endometriosis.
